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Description 

Field of the Invention 

•me present invention relates to the recombinant Sendai virus and the method for preparing the same. 
Background of the Inwnimn 

Sendai virus is also named hemagglutinating virus of Japan (HVJ). and classified in parainfluenza virus type I 
belonging to the genus Paramyxovirus family of the family Paramyxoviridae genus ' 
Sendai virus particle is pleomorphic, having the genome RNA without a function as template for translation (here- 
after designated "negative strand RNA") enclosed in an envelope of 150-200 nm in diameter Historically. Senda! "us 

™f "J" ,ndUS,rially USeful virus ' bein9 ***** ufilized - specially for the production of heterokary- 

ons and hybnd cells, by takrng advantage of viral cell-fusion capacity. Also, cell-fusing liposomes have been developed 
as a vehicle for gene therapy. Furthermore, Sendai virus is also used as the inducer for various interferons 

n^JTS 1 t ^ 6 ^ Ca6 ° n taSed 0n ** tery0,ype °* 9enome nucleic add - Sendai *** ^longs to a group of 
TEH 3 * ne9ative strand RNA amo "9 RNA viruses. RNA viruses are classL 

KETftSET^ ^ {d ° Me Sfranded RNA VirUS6S) ' ^ * and RNA " ruses - and *«« 
m»nt« cTrS n US •* 0l,) ' nClud65 r60viriJS ' ro,avirus ' P^eovirus, etc., and have segmented, plural ffla- 

mentous dsRNA genome. Posrtrve strand RNA viruses include poliovirus, Sindbis virus. Semliki forest virus, and Japa- 

^rmT 0 !? T' ^" Ch 1X355688 3 81,1916 P 08 *^ 8ense RNA as 9 enome - genome RNA can functf Jas 

ZSZ^ZSZ* °L produc ! n9 proteins for RNA replication and particle formation depending on the 

fransla^ 

djsseminatng. In the present specification, by "disseminata capability" is meant "the capability to form infec^us par- 

Tc^JZ "7* lem ~ mp,exes and successively disseminate them to other cells following the transfer of nucleic 

t y l ^K,° r artfiCiaJ t6ChniqU6S and ,he irTtrace,lular "P** 0 " 01 "« ""Cleic acid. Sindbis virus 
dassrfied to posrtrve strand RNA viruses and Sendai virus classified to negative strand RNA viruses have both infectiv 

ZZZtZ ° n th6 * 6r hand " ad eno-associated virus classified to the parvovirus family has the 
2S? d,8s em.nawe capability (the mixed infection of adenovirus is necessary for the formation of viral par- 
ties). Furthermore, the posrtrve strand RNA derived from Sindbis virus which is artificially transcribed in vitro is dfs- 
n^!! 2lZ T*™* ^ PartideS Wh6n ,rans,ected into ce,,s )- ln <**»»■ n °t on>y negative strand but also 

wsrs^fn^r 

H ic n R ™/ l ra '^ 0r ! I 18 ! 6 b6e " 35 V6hic,es far gene lnera P>'- ln o^er to use them as gene therapy vectors 

!E ™ to „ n 01 V ' ral 96 T 6 nUCl6iC add ^ ,he production rt ori9inal or recombinant viruses *i wfro or intrac- 

llh I^Tk 6l9n 9 uf 065 in,69ra,6d by 1116 9606 manipulation. Once techniques of viral reconstitute are 

40 deleted oHnartiS 68 * 10 3 for6i9n 9606 introduced ' « with desired genes 

° nCe I'M* 81 recons,itution ***** is constructed and the viral gene manipulation becomes possible, said 

KTrv SSS1 l^T T*?* todfor 9en6tk:a,ly analy2in9 ,he Viral Qen etic analysis of S funcfions 

« very inportarrt from the medical viewpoint of prevention and therapy of diseases etc. For example, rf the replication 

mftSc™ t vira ' nucle,c aad 15 elucidat ed by utilizing the differences between viral metabolism and hosi-cellular 
w 7,, T ? "ff 10 dW6l0p ViriCid6 actin9 on 106 viral nudeic P^ess and less damaging to 

£L f J ' L 6 UCK ' a 1 ,,n9 ,UnCti ° nS 01 viral 9ene-encoded proteins, it may become possible to develop antral 
2rE2E? P T ^ "" h infeCtiVity and ^ forma,i0n - ^rthermore, by modifying g^nes con 

' 6 ^**^ 6 n m 7 brane ^ ,on a ,nd Preparing liposomes with superior membrane-fusing capability, it will be able to 
l«nn T J ^ T"* ln additi ° n ' 38 re P rese ntod by the interferon, the viral infection may induce the acti- 

S?J?c 96n6 ! V ' ral . r68i8tance ' resulting in the enhanced «W resistance of hosts. Genetic analysis of virus 
functions may provide more important information on the activation of host genes 

«.n ° NA J^f K Possesing DMA as the genomic nucleic acid has been performed for some time, and 

S\iV^ o««^ 6 ,ntroduc,,on ^ 1,16 P urified oenome itself, such as SV40, into monkey cells [J. Exp. Cell Res 
43. 415-425 (1 983)]. Reconstrtution of RNA viruses containing an RNA genome has been preceded by Stive stranci 

i h T 5 ? 5 ' nCe 96 T * RNAS al8 ° fUnCton 35 mRNA - For exam P |e - in <ne case of pSiovirus. theTssemS 
SSSSS^ urrf f 9enom ! cR N A feerfwasalreadydemonstratedin1959 

65^9 fJ959)]. Then rt was achieved to reconstitute Semliki forest virus (SFV) by the introduction of cloned cDNAs into 
host cells utilizing DNA-dependent RNA polymerase activity of host cells [Journal of Virology, 65. 4107-41 13 (1991)] 
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Furthermore, using these viral reconstitution techniques, gene therapy vectors have been developed [BioTTechnol- 
ogy, 11, 916-920 (1993); Nucleic Acids Research, 23, 1495-1501 (1995); Human Gene Therapy, 6, 1161-1167 (1995); 
Methods in Cell Biology, 43, 43-53 (1994); Methods in Cell Biology, 43, 55-78 (1994)]. 

However, as described above, in spite of many advantages of Sendai virus to be industrially useful virus, its recon- 

s stitution system has not been established, because it is a negative-strand RNA. This is due to tremendous difficulty in 
reconstituting viral particles via viral cloned cDNAs. 

As described above, it has been clearly demonstrated that a mere introduction of RNA from negative-strand RNA 
virus(vRNA) or its complementary strand RNA (cRNA) into host cells does not support the generation of negative- 
strand RNA virus. This is absolutely different from the case of positive strand RNA viruses. Although, in Tokkai H4- 

10 21 1377, "methods for preparing cDNAs corresponding to negative strand RNA viral genome and infectious negative 
strand RNA virus" are disclosed, the entire experiments of said documents described in "EMBO. J., 9, 379-384 (1990) 
were later found to be not reproducible, so that the authors themselves had to withdraw all the article contents [see 
EMBO J., 10, 3558 (1991)]. Therefore, it is obvious that techniques described in Tokkai H4-21 1377 do not correspond 
to the related art of the present invention. Reconstitution systems of negative strand RNA viruses were reported for influ- 

is enza virus [Annu. Rev. Microbiol., 47, 765-790 (1993); Curr. Opin. Genet . Dev., 2, 77-81 (1992)]. Influenza virus is a 
negative strand RNA virus having an eight-segmented genome. According to these literatures, a foreign gene was first 
inserted into the cDNA of one of said genome segments, and then RNA transcribed from the cDNA of all eight seg- 
ments containing the foreign gene was assembled with the virus-derived NP protein to form RNR Tiien, the virus recon- 
stitution was achieved by providing host cells with these RNPs and an RNA-dependent RNA polymerase. Thereafter, 

20 the reconstitution of negative single-stranded RNA virus from cDNA was reported for rabies virus belonging to the rhab- 
dovirus family [J. Virol., 68, 713-719 (1994)]. 

Therefore, although techniques for reconstituting negative strand viruses have become fundamentally known to the 
public, in the case of Sendai virus, the direct application of these techniques did not support the viral reconstitution. 
Also, the reconstitution of viral particles reported on the rhabdovirus was confirmed only by the expression of marker 

25 genes, RT-PCR, etc. Furthermore, the yield was not satisfactory for practical applications. Besides, in order to provide 
factors required for the viral reconstitution within host cells, helper viruses such as wild type viruses, recombinant vac- 
cinia virus, etc. were conventionally introduced to host cells together with nucleic acids of the virus to be reconstituted. 
Accordingly, difficulties in separating the reconstituted desired virus from these harmful viruses were posing a difficult 
problem. 

30 

Disclosure of the Invention 

The purpose of the present invention is to establish an efficient system for reconstituting Sendai virus, enabling the 
gene manipulation of Sendai virus, and providing Sendai viral vector sufficiently useful in the field of gene therapy, etc. 

35 In order to apply to the reconstitution test of Sendai virus, the present inventors first made various investigations 
using cDNAs derived from Sendai viral Dl particles [ref. defective interfering particle in EMBO J., 10, 3079-3085 (1991)] 
or the minigenome of Sendai virus. As a result, they found efficient conditions regarding weight ratios among materials 
to be introduced into host cells, including cDNA, cDNAs concerning the transcription and replication, and the recom- 
binant vaccinia virus to provide the T7RNA polymerase expression unit. Furthermore, the present inventors obtained 

40 full-length cDNAs of both positive and negative strands, constructed plasmids to induce the intracellular biosynthesis of 
positive or negative strand RNA of Sendai virus, and transferred said plasmid into host cells expressing cDNAs con- 
cerning the transcription and replication. As a result, they succeeded in re-constituting Sendai virus particles from 
cDNAs thereof. The present inventors also found for the first time that cDNAs introduced into host cells are more pref- 
erable in the circular form than in the linear form for the efficient reconstitution of viral particles, and that positive strand 

45 RNAs are superior to negative strand RNAs in the intracellular transcription for the highly successful reconstitution of 
viral particles. 

In addition, the present inventors found that Sendai virus could be reconstituted even without using recombinant 
vaccinia virus as the T7RNA polymerase expression unit. That is. when the full-length RNA of Sendai virus transcribed 
in vitro was transferred into cells, and cDNAs encoding enzymes for the initial transcription and replication were tran- 

so scribed under the control of T7 promoter, viral particles were reconstituted. This indicates that, if cells which express all 
enzymes required for the initial transcription and replication are constituted, the recombinant Sendai virus can be pro- 
duced entirely without using helper viruses such as vaccinia virus. Since cells expressing all enzymes required for the 
initial transcription and replication were already described [J. Virology, 68. 8413-8417 (1994)], those skilled in the art 
will be able to form such cells with reference to said article. The cell described in said reference is the one derived from 

55 the 293 cell line carrying three out of Sendai viral genes, namely NP, P/C and L on its chromosome, and expressing 
proteins encoded by these three genes, NP, P/C and L 

From numerous examples of viral vectors, if viral particles can be efficiently reconstructed from nucleic acids, it is 
obvious that those skilled in the art are able to readily exchange desired viral gene, insert a foreign gene, or inactivate 
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S e 2LT!iro^S ^T 6 * ^ iS ' rt Wi " bG 0bvi0US to th0Se sW,led in the art that first success in reconstituting 
Sendai viral particles by the present invention has enabled the gene manipulation of Sendai virus. econstrtut,n9 

That is, the present invention comprises the fallowings. 

I tl^^J*" 6 * VimS ha " ino the 96nome with a desired forei 9 n 9ene inserted or a desired gene deleted 
or inactivated, and retaining the disseminata capability. 

moSfei eCOrT * inant ^ V,mS ° f deSCriPti ° n 1 ' m ° re than ° ne 9ene encoding functionaI P^eins are 

cells* 6 reCOmbinam Sendai ™ US 0f des «W™s 1 or 2 comprising a foreign gene which can be expressed in host 

i An p N M A A m0, f "'I C ° mpriSin9 RNAS 00 * ln9d ln recombin ant Sendai viruses of any one of descriptions 1 -3 
i^TT* C0mPn9n9 CRNAS 01 " the r6C0mbinant Sendai ™ ses * Cne of 

6. A kit consisting of the following two components. 

h ^J^lf™'^ 3 templa,e CDNA ran transcribe RNAs of descriptions 4 or 5. and 
unit capable of transcribing RNAs of descriptions 4 or 5 with said DNA as template in vitro or intrcellularly. 

7. A kit consisting of the following two components. 

b. an RNA molecule of descriptions 4 or 5. 

8. A method for producing the recombinant Sendai virus of descriptions 1-3, comprising introducing the RNA mol- 
ecule of d^cnptons 4 or 5 into host cells expressing the MP. P/C and L proteins d Sendai vESESE X 
be replaced by a protein having the equivalent activity). »us teacn protein may 

9. A kit consisting of the following three components, 

a. a host expressing the NP, P/C and L proteins of Sendai virus 

b. a DNA molecule comprising a template cDNA capable of transcribing RNAs or cRNAs of descriptions 4 or 

unit capable of transcribing RNAs of descriptions 4 or 5 with said DNA as template in vitro or intracellularly. 

^.i^^P^^^fe^nart Sendai virus of descriptions 1-3. comprising introducing the DNAmol- 
SSSSn h CDNA CaPabte 01 franSCrtoin9 RNAs of *■**» 4 ° r 5 and a unrt ££2o?£i 

^C^^ot^S^ 

12. Aculture medium or chorio-allantoic fluid containing expressed foreign proteins obtainable bv introducina the 

STSJiSET *? ° f t"**" 3 int ° ^ 3nd reWVerin9 -ed^o^ortSSuiJ 
^™ ^ ll2,nB the eXpfeSSi0n * 3 protein encoded b * a forei 9" 9ene integrated into a Send Tral 

Recombinant Sendai viral vectors of the present invention can be obtained for examDle bv in vitrn tran^hinn 
ZE£2$Z*1 9ene " techTOl ^ recombinant £££&%Z£%3£ 

^ 7£2 ? I ' ^ 9en0me RNAl and intr0ducin9 531(1 RNA to a host simultaneously expressing he NP^2 

SET P T" 3 PTO,ein 3,1 activi *> <* Sendai virus. >mJ^S?JS'^ 

tors of the present invention can be obtained by introducing 

<01he recombinant cDNA coding for the gene-technologically produced recombinant Sendai viral vector genome, 
b) a unit capable of intracellularly transcribing RNA with said DNA as template 

^SSS^ST^- T^" 9 *• NR P/C and L Proteins (each ™y be a hwhB an equiv- 
atent activrty) of Senda. virus. In this case, said recombinant cDNA a) may be inserted downstream of a speSc 
promotor, and sarf transcription unit b) may be a DNA molecule expressing a DNA-dependent HHA potySe 



4 



EP0 863 202A1 



acting on said specific promoter. 

Sendai virus, the starting material in the present invention for the insertion of a desired foreign gene, or the deletion 
or inactivation of a desired gene may be a strain classified to parainfluenza virus type I, exemplified by Sendai virus Z 
5 strain or Fushimi strain. Furthermore, incomplete viruses such as Dl particles, synthetic oligonucleotides, etc. may be 
used partial materials. 

Also, so far as the recombinant Sendai virus of the present invention maintain the disseminative capability, any for- 
eign gene may be inserted at any site of RNA comprised in said recombinant, and any genome gene may be deleted 
or modified. Foreign genes to be inserted may be exemplified by genes encoding various cytokines and peptide hor- 

10 mones which can be expressed within hosts. In order to express the desired protein, the foreign gene encoding said 
desired protein is inserted. In the Sendai viral RNA, it is preferable to insert a sequence of bases of 6 multiplication in 
number between the sequences R1 (5'-AGGGTCAAAGT-3') and R2 (5 , -GTAAGAAAAA-3') [Journal of Virology, Vol. 67, 
No. 8 (1993) p.4822-4830]. Levels of expression of a foreign gene inserted into a vector can be regulated by virtue of 
the site of gene insertion and the base sequences flanking said foreign gene. For example, in the case of Sendai viral 

15 RNA, it is known that there are increasing levels of expression of the inserted gene with decreasing distance of said 
gene from the NP gene. Preferred hosts for expressing desired proteins may be any cells susceptible to the infection by 
the recombinant Sendai virus, exemplified by mammalian cells and chicken eggs. It is possible to efficiently produce the 
foreign gene product by infecting these hosts with the recombinant Sendai virus integrated with expressible foreign 
gene and recovering the expressed foreign gene product. For example, proteins thus expressed can be recovered by 

20 the standard method from the culture medium when cultured cells are the host, and chorioallantoic fluid when chicken 
eggs are the host 

When a foreign gene is inserted into a plasmid for expressing the negative strand Sendai viral RNA, it is necessary 
to insert said foreign gene downstream of the promoter in an orientation for transcribing an antisense RNA of said for- 
eign gene encoding a protein. Such "a DNA molecule for expressing a protein encoded by a foreign gene integrated 

25 into a Sendai viral vector comprising the foreign gene inserted downstream of the promoter in an antisense orientation 
for transcribing anisense RNA of said foreign gene encoding said protein and said pormotor* has become available for 
the first time by the present invention, comprising a part of said invention. 

Also, for example, in order to inactivate genes for immnogenicity, or enhance the efficiency of RNA transcription and 
replication, part of genes related with RNA replication of Sendai virus may be modified. Concretely, for example, at least 

30 one of the replication factors, the NP, P/C and L proteins may be modified to enhance or reduce the transcription and 
replication capabilities. The HN protein, one of the constitutional proteins, has dual activities as hemagglutinin and neu- 
raminidase. For example, the reduction of the former activity may increase the viral stability in blood stream, and the 
modification of the latter activity may enable the regulation of viral infectivity. Also, the modification of the F protein medi- 
ating membrane fusion may be useful for improving membrane fusion liposomes constructed by fusing the reconsti- 

35 tuted Sendai virus and artificial lioposomes enclosing a desired drug or gene. 

The present invention has enabled the introduction of point mutation and insertion at any sites of the genomic RNA, 
and is highly expected to accelerate the accumulation of genetic information on viral functions. For example, once the 
mechanism of viral RNA replication is elucidated, it may become possible to develop a viricide less harmful to a host 
cell and targeting nucleic acid replication process by utilizing the differences between the viral and host-cellular metab- 

40 oiisms of nucleic acid. In addition, the elucidation of functions of viral gene-encoded proteins may contribute to the 
development of viricides targeting proteins involved in infectivity and forming capability of viral particles. Concretely, for 
example, these techniques may be used for the analysis of antigen-presenting epitopes of the F and HN proteins which 
may act as antigenic molecules on the cell surface. Also, when a host cell gene for viral resistance is activated by viral 
infection, resulting in an elevated viral resistance, important information on such activation mechanism of host gene 

45 may be obtained by the genetic analysis of viral functions. Since Sendai virus is effective in inducing interferons, it is 
used in various basic studies. By analyzing the genome region necessary for inducing interferons, it may be possible to 
produce a non-viral interferon inducer. Techniques of the present invention are useful for the development of vaccines. 
Live vaccines may be produced by inoculating the recombinant Sendai virus with attenuating mutations to embryonated 
chicken eggs. Information thus obtained may be applied to other negative strand viruses, such as measles virus and 

so mumps virus, with high demand for live vaccines. Furthermore, the present invention has enabled the usage of the 
recombinant Sendai virus as vectors for gene therapy. Since virus vectors of the present invention derived from Sendai 
virus are highly safe in the clinical application and disseminative, and expected to be therapeutically effective with a rel- 
atively small dosage. In addition, when the suppression of a viral vector replication becomes necessary at the comple- 
tion of therapy or during the therapy, only the viral vector replication can be specifically suppressed without damaging 

55 hosts by administering an inhibitor of RNA-dependent RNA polymerase. 
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Brief description of the drawing 

Figure 1 is a schematic representation of plasmid pUCl8/T7(+)HVJRz.DNA. 
Figure 2 is a schematic representation of plasmid pUCl8/T7(-)HVJRz DNA. 

a nn 5m 6 3 i$ 1 9ra ? i( : re P resentation <* *» relationship between the postinfection time of CV-1 cells with SeVqpl 20 
and HAU as well as the level of gpl 20 expression. 9P 

Best mode for carrying puj the invention 

thes^arSir 9 ' *" ^ inVenfon * d " C * ,d reference to but is « Wed to 



Example 1. Preparation of Sendai virus transcription units pUC18/T7(-)HVJRz.DNA and pUC18/T7(+)HVJR2.DNA 
» Plasmid pUC18/T7(-)HVJRz.DNA was constructed by inserting a DNA molecule comprising T7 RNA polymerase 

ZTl 225 £ C T d f igned to be 10 me negative *- RNA a * *» » 

oS°7 S£ I ■ ^ P ' aSmKl P UC18 ^WHVJRz.DNA was constructed by inserting a DNTmoLule com 
ETiJLl ^ ymeraSe ■J""** Send3i VimS CDNA desi9ned to be ****** t0 positive strand RNAand 

Example 2.Reconstitution experiment of Sendai virus from cDNA 

25 in M^m^S™ 1 ° 6) r^ 2 ^ in 8 USUa ' mann6r Were placed in a 6 °- mm diameter P<astic dish, and incubated 
25 n MEM medium (MEM supplemented with 10% FBS) (2 ml) in a 5% C02 atmosphere at 37°C for 24 h After rerrwtfno 

^mSSf T^SO* (1 "* 8 SUSPenSi0n ° f ^nant'vacdrTvirus vTF7-3 iw^SS 

"2 ^ "?? t0 ^ Ce " S 31 *" TOltip,iCity ° f infection *"* * 2 - ™ e disn ^gently agteS w 
5 mm to thoroughly spread the viral solution for 1 h infection. After removing the viral solution and washinc , wHhXs 
(1 ml ) a medium containing cDNA, which was prepared as follows, was added to the dish 9 

, if^. ,,. pQEM /C and PGEM-Nf) w efe placed in a 1 .5-ml sampling tube, and adjusted to a total volume of o 1 
ml wrth HBS (Hepes buffered saline; 20 mM Hepes pH 7.4 containing in 1 Nab). In Josetoli 

^Mr rt S^ PUC18/r7( - )HVJR2 DNA «' PUCl8m (+ )HVJR 2 . DNA, respectively, and clnd S^e^ 

* rZcSeT * °* " ^ drCUlar ^ ^ ,ineaf form after *• treatment * restricton It 

this ^*!2S2i h „ a 1° lyStyr ! ne !" be Were P ' aC6d HBS (0 07 m,) ' D0TAP Wringer Mannheim) (0.03 ml). To 
^JfZT ^ ^ 6IC ^ SOlUt ' 0n d6SCribed abw * and the mixture was ««* slaving as such for 10 min 

2Si hv r 6 ^ added J he Ce " CUttUre medium described *»• (2 ml, MEM supplemented with 10% FBS) 
JT^JSTnT^/T ?• rHamPiCin ^ CytoSine arattnosk,e C t° final concerted 

r« Td^ih^ eSPeCt ' Ve ' y K re !f 09 in *" Preparat0n d the medium cDNA described above 

The dish descnbed above was incubated in a 5% C0 2 atmosphere at 37°C for 40 h. The cells in the dish werehar- 

«^^'^L r l?? W iS , ^f ,nan ' tranSferredtoan EPPendorf tube. sedimertedbycerrtrifugingat6.0oS^to7rrS 
and re-suspended in PBS (1 ml). Aliquots of this cell suspension, as such or after diluted, were inocuWo Tte S 
o« d^etoping embryonated chicken eggs. That is. the cell suspension was diluted with PB^S to the ™ sSn 

iSwi t 6995 ,n0C ^ ted ^ te °- 5 - ml aliqUOtS Were inCubated at 35 ' C for 72 »en at «tS?<£5 
allantoic fluid was recovered as virus solution from these eggs using a syringe with a needle 

Hemagglutinin unit (HAU) and plaque forming unit (PFU) of the recovered virus solution were assayed as follows 
ca^pS^ 

carded. Precipitates thus obtained were suspended in 100 volumes of PBS. and centrifuged at 400 x g for 10 min to 
d^mesupe« 

SrTate^ 

SSno L^^r t t^l****. W3S f Urth6r a * tel t0 each wel1 ' ^ to ^eure a thorough 

eye « ££ ^ ^ h ' 9heSt ^ dUon 10 031,56 *• h"™***" observable with the naked 
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mail" Wa !, aSSa j;^ 35 MOm - CV " 1 06115 were 9rown 10 a monola y er on a 6-well culture plate. After the culture 
Plate to infect the cells at 37°C for 1 h. During the infection, a mixture of 2 x MEM free of serum and melted 2% aoar 
(55-C) was prepared, and trypsin was added to the mixture to a final concentrafion of 0.0075 mg/ml. Afttflh HMta 
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and removal of the virus solution, the culture medium mixed with agar (3 ml each) was added to each well of the culture 
plate, and incubated under a 5% C0 2 atmosphere at 37°C for 3 days. Phenol red (0.1%) (0.2 ml) was added to each 
well, incubated at 37°C for 3 h, and then removed. Unstained plaques were counted to estimate the virus titer as 
PFU/ml. 

5 Table 1 shows Sendai virus template cDNAs transfected into LLC-2 cells, amounts of cDNA factors, pGEM-L, 
pGEM-P/C, and pGEM-NP, required for the RNA replication, incubation time, cell numbers inoculated to chicken eggs, 
HAUand PFU values. 



Table 1 





Template 
cDNA 


Total 
amount 
to) 


DObM -L 

(eg) 


DUbM -r/O 
to) 


pVjblVI -rir 

to) 


Incubation 
time (h) 


Amount or 
cells 


UAI 1 


PPl l 

rrU 


75 


(+)cDNA/C 


10 




2 


4 


40 


1.00x10 5 


512 


2x1 0 9 




(+)cDNA/C 


10 




2 


4 


40 


1.00x10 5 


256 


9x1 0 8 




(+)cDNA/C 


10 




2 


4 


40 


1.00x10 6 


256 


9x1 0 8 




(+)cDNA/L 


10 




2 


4 


40 


1.00x10 s 


<2 


<10 


20 


(+)cDNA/L 


10 




2 


4 


40 


1.00x10 s 


<2 


<10 




(+)cDNA/L 


10 




2 


4 


40 


1.00x10 6 


<2 


<10 | 




(-)cDNA/L 


10 




2 


4 


40 


1.00x10 4 


<2 


<10 


25 


(-)cDNA/L 


10 




2 


4 


40 


1.00x10 s 


<2 


<10 




(-)cDNA/L 


10 




2 


4 


40 


1.00x10 6 


<2 


<10 




(-)cDNA/C 


10 




2 


4 


40 


1.00x10 4 


<2 


<10 




(-)cDNA/C 


10 




2 


4 


40 


1.00x10 s 


<2 


<10 


30 


(-)cDNA/C 


10 




2 


4 


40 


1.00x10 6 


4 


8x1 0 3 



Samples showing both HAU and PFU were sedimented by ultra-centrifugation, re-susperided, purified by a sucrose 
density gradient centrifugation from 20% to 60%, and fractionated by 12.5% SDS-PAGE. Each protein contained in 
35 these samples was the same in size as that of Sendai virus. 

These results demonstrated that Sendai virus can be reconstituted by introducing cDNAs into cells, and that virus 
particles are more efficiently reconstituted by introducing cDNAs transcribing positive strand RNAs as compared with 
those transcribing negative strand RNAs, and further by introducing cDNAs in the circular form rather in the linear form. 

40 Example 3. Survey of RNA replication factors required for Sendai virus reconstitution 

Experiments were performed to examine whether all three plasmids expressing the L, P/C and NP proteins were 
required for the reconstitution of Sendai virus. Experimental methods were similar to those described in Example 2 
except that any combinations of two out of pGEM-L, pGEM-P/C and pGEM-NP plasmids or only one out of them, 
45 instead of all these three combined as in Example 2, were introduced together with a template cDNA into cells. 

Table 2 shows Sendai virus template cDNAs introduced into LLC-MK2 cells, amounts of the cDNA factors required 
for RNA replication including pGEM-L, pGEM-P/C and pGEM-NP, incubation time, number of cells inoculated into 
chicken eggs, and values of HAU and PFU. 

50 

Table 2 



Template 
cDNA 


Total amount 

to) 


pGEM -L 


pGEM -P/C 


pGEM -NP 


Incubation 
time (h) 


Number of 
cells inocu- 
lated 


HAU 


PFU 


(+)cDNA/C 


10 


4 


2 


4 


40 


1.00x10 s 


256 


6x10 8 


(+)cDNA/C 


10 


4 


2 


4 


40 


1.00x10 6 


512 


4x10 9 



7 



30 



35 
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Table 2 (continued) 



5 


To mnl nfn 

lempiate 
CDNA 


Total amount 
(M9) 


pGEM -L 


pGEM -P/C 


pGEM -NP 


Incubation 
Time (nj 


Number of 
cells inocu- 
lated 


HAU 


PFU 




(+)cDNA/C 


10 


0 


2 


4 


40 


1.00x10 6 


<2 


<10 




(+)cDNA/C 


10 


0 


2 


4 


40 


1.00x10 6 


<2 


<10 




(+)cDNA/C 


10 


4 


0 


4 


40 


1.00x10 6 


<2 


<10 


10 


(+)cDNA/C 


10 


! 4 


0 


4 


40 


1.00X10 6 


<2 


<10 




(+)cDNA/C 


10 


4 


2 


0 


40 


1.00x10 6 


<2 


<10 




(+)cDNA/C 


10 


4 


2 


0 


40 


1.00x10 6 


<2 


<10 


15 


(+)cDNA/C 


10 


0 


0 


4 


40 


1.00x10 6 


<2 


<10 






10 


0 


0 


4 


40 


1.00x10 6 


<2 


<10 




(+)CDNA/C 


10 


0 


2 


0 


40 


1.00X10 6 


<2 


<10 




(+)cDNA/c 


10 


0 


2 


0 


40 


1.00x10 6 


<2 


<10 


20 


(+)cDNA/C 


10 


4 


0 


0 


40 


1.00x10 s 


<2 


<10 




(+)cDNA/C 


10 


4 


0 


0 


40 


1.00x10 6 


<2 


<10 



25 factors mo cells, confrmmg the necessity of all three proteins L. P/C and NP for the virus reconstitute!. 
Example 4. Reconstitution experiment of Sendai virus in vitro from transcribed RNAs 

Since the reconstitution of Sendai virus from the functional cDNA clones was described in Example 2 rt was further 

t e Z er fransc * tion producte of •* cDNAs ,hat is - vRNA ^ cRNA ' « sSS ££££ 

After the Sendai virus transcription units. pUCl8/T7(-)HVJRz.DNA and P UC18/T7( + )HVJRz DNA were linearized 
wrth restnction enzyme M1 ul. using these DMAs as templates, RNA synthesis was performed in ZlTa wrZ * 
£^7*^™ TECHNOLOGIES: Ampliscrtoe T7 Transcript Kit). The 

DNAst SSStS th l ProtoC ° IS P ^ daJ "* ,he * ^ RNA Producte *» KcTof 

a?e s^^Se 3 exper " nents were P erformed ' and *• virus production was estimated by HA test. Results 
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Table 3 





Template 
cDNA 


Total 
amount 

Oig) 


pGEM-L 

(ng) 


pGEM-P/C 
(M9) 


pGEM-NP 


Incubation 
time (h) 


Number of 
cells inocu- 
lated 


HAU 


PFU 


45 


in vitro (- 
)RNA 


10 


4 


2 


4 


40 


1.00x10 6 


512 


2x1 0 9 




in vitro (- 
)RNA 


10 


4 


2 


4 


40 


1.00x10 s 


512 


ND 


50 


in vitro 
(+)RNA 


10 


4 


2 


4 


40 


1.00x10 s 


2 


5x1 0 3 




in vitro 
(+)RNA 


10 


4 


2 


4 


40 


1.00x10 s 


<2 


ND 
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into cells. 



These results indicate that virus can be reconstituted by introducing either negative or positive sense strand RNAs 
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Example 5. Expression of foreign genes inserted into Sendai viral vectors in host cells 

1. Preparation of Sendai virus vector n pSeVgp120" inserted with a foreign gene (HIV-1 gp120) 

5 Using a set of primers comprising primer a (5'-TGCGGCCGCCGTACGGTGGCAATGAGTGAAGGAGAAGT-3') 
(SEQ ID NO:1) and primer d 

( 5 1 -TTGCGCCCGCGATGAACTTTCACCCTAAGTTTTTTATTACTACGGCG- 

10 TACGTCATCTTTTTTCTCTCTGC-3 ' ) (SEQ ID NO: 2), 

the HIV-1 gp1 20 gene was amplified on "pN1 432" by the standard PCR techniques. PCR products were subjected to TA 
cloning, digested with Notl, and then inserted into the Notl site of "pSeV18 + ". Then, E. coli cells were transformed with 
15 this recombinant plasmid. DNAs were extracted from each colony of E. coli by the "Miniprep" method, digested with 
Dralll, and then electrophoresed. Positive clones (designated "clone 9" hereafter) were selected by confirming to con- 
tain DNA fragments of the size expected from the insertion. After DNA fragments were confirmed to have the authentic 
nucleotide sequence, DNAs were purified by a cesium chloride density gradient centrifugation. pSeV18+ inserted with 
the gp120 gene is designated "pSeVgp120" hereafter. 

20 

2. Reconstitution of Sendai virus containing pSeVgp120 (SeVgp120) and analysis of gp120 expression 

Except for the further transfection of pSeVgp120 into LLCMK2 cells, in addition to pGEM-NP, pGEM-P/C and 
pGEM-L, chorioallantoic fluid was recovered from embryonated chicken eggs and assayed for the viral HAU by exactly 

25 as described in Example 2. The recovered virus was also examined for the expression of gp1 20 by ELISA as follows. 
Samples (100 each) were dispensed into each well of a 96-well plate which had been coated with monoclonal 
antibody against HIV-1 , and incubated at 37°C for 60 min. After washing with PBS, HRP-linked anti-HIV-1 antibody (100 
til each) was added to each well, and incubated at 37°C for 60 min. After washing with PBS, tetramethylbenzidine was 
added to each well, and amounts of reaction product converted by the action of HRP under acidic conditions were 

30 determined by following the optical density at 450 nm to estimate the expression amount of gp120. Results are shown 
in the left-hand column in Table 4. 

The virus solution thus obtained was inoculated to CV-1 cells, and similarly examined as follows. CV-1 cells were 
dispensed to a culture plate at 5 x 10 5 cells/plate, grown, and then the culture medium was discarded. After washing 
with PBS(-), the viral solution was added to the cells at the multiplicity of infection of 1 0, and incubated at room temper- 

35 ature for 1 h. After the virus solution was discarded, washed with PBS(-), a plain MEM medium (MEM medium supple- 
mented with antibiotics AraC and Rif, and trypsin) was added to the cells, and incubated at 37°C for 48 h. After the 
reaction, the medium was recovered and assayed for HAU (by a similar method as described in Example 2) and exam- 
ined for the expression of gp120 (by ELISA). Results are shown in the center column of Table 4. In addition, the super- 
natant of CV-1 cell culture medium was inoculated to embryonated chicken eggs again, and the virus solution thus 

40 obtained was assayed for HAU and also examined for the gp1 20 expression (by ELISA). Results are shown in the right 
hand column of Table 4. 



45 



50 



55 
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Table4 



5 






(Ug/ml) 




Chorio-allantoic 


CV-1 medium (Fl) 


Chorio-allantoic 


10 


fluid (Fl\ 
gpl20 (HAU) 


gpl20 (HAU) 


fluid (F2) 
gpl20 (HAU) 




0.10 ( 4) 


3.46 (128) 




15 


0.15 (32) 


1-81 (128) 


1.56, 1.21 
(512, 512) 


20 


0.05 (32) 


2.20 (128) 





25 



30 



35 



40 



45 



50 



of * A V5? '"J^ 6 4 ' markSdly hi9h concenfrafon s of 9P120 were detected in CV-1 cells in culture (center column 
i^ e> ' ^ a i S l' n *" chori °- allartok: fl «* "°m embryonated chicken eggs in Jrted^Zn^fvZ 
NMfrnd column of the Table). In the left-hand ar* center columns of the Table £ shown *ree 

i^JSTcw th f o f pressi0n «* 9P 120 «« analyzed by Western blotting. After the culture medium of CV-1 cells 
TcST^ 

rint IT' ^ -l 5 . ^ ° n 106 ° r 70% ethan ° l 31 • 20 ° C ' ^ ^ 15,000 rpm for 15 min ProtelreTus D re- 

cprtated were mixed to react with an "SDS-PAGE sample buffer" (Daiichi Chemicals, at 90°C for^ i min a ^th!! f ! 

^^2^^„S5?^ reaCt6d "5 m ° n0d0nal antt0dy 902 31 f00m " •» 1 h. and Sen 

^ 3E™ T^nZST W8r l reaC,ed Witn anti " m, 9 G (A">ersham) at room temperature for 1 h. and 
washed vnth TTB& The membranes were then reacted with HRP-linked protein A (Amersham) at room temoertfure 
H^S?! 2 ^.^^ro-l-naphtho. (4CNPIus) (Daiichi Chemicals) was added to dZ SSTK 

In E£ ^2T2 2S2 31 P ° SifonS 40 406 Macular weigh, of 5* 

In addition, effects of postjnfecton time of CV-1 cells transfected with SeVgpl20 on the HAU value and od120 

ana,yZ6d - CVM Ce,te (5 x 1 ° 6 ) dis P ensed to 1 °™ P"ata were infected I wfth SjLwSS 
™2 2 eCt ' 0n 1 0f I 0 ' ^ th6 CUltUfe m6dium (1 ml "*» — PoatinfectJonally recovered ?a? «B aS 70 
m S h t""; V °' Ume ° f fr6Sh medium ' and to HAU assay. gp120 express* i a«rtSfcn (2 

tofcriTe^rcr^ 

Exam,* 6. Analyses of S.Vgpl20 pnpagaton ano>l 20 express^ le* m .aious types « 
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Table 5 



Cell type 


Time (postinfection) 


HAU 


rgp120 (ug/ml) 


CV-1 


96 


32 


2.5 


LLCMK2 


48 


16 


0.5 


CHO 


55 


4 


0.46 
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Table 5 (continued) 



Cell type 


Time (postinfection) 


HAU 


rgp120 (^g/ml) 


NIH3T3 


48 


4 


0.25 


MT4 


24 


16 


0.8 


MOLT4/ 


24 


16 


1.2 



In the left-hand column of the Table are shown the postinfectional times of various types of cells transfected with 
70 SeVgpl 20. As a result, SeVgpl 20 propagation and gp1 20 expression were detected in all types of cells tested. 

Example 7. Studies on the expression of lucrferase gene inserted into the Sendai viral vector in host cells. 

In order to isolate the luciferase gene for inserting to vectors, the lucrferase gene bounded by the engineered Notl 
75 sites on both termini was constructed by the standard PCR using a set of primers [S'-AAGCGGCCGCCAAAGTTCAC- 
GATGGAAGAC-3') (30mer) (SEQ ID NO: 3)] and 

[ 5 ' -TGCGGCCGCGATGAACTTTCACCC- 
20 TAAGTTTTTCTTACTACGGATTATTACAATTTGGACTTTCCGCCC-3 ' ( 6 9mer ) ( SEQ 
ID NO: 4) 

25 

with "pHvluciRT4" as a template. The PCR product was cloned into the Notl window of pSeV1 8 + to obtain Sendai virus 
vector to which the luciferase gene was inserted. TTien, this recombinant vector was transfected into LLCMK2 cells, and 
inoculated into embryonated chicken eggs. Chorio-allantoic membranes of developing eggs were excised out, twice 
washed with cold PBS(-), and, after the addition of a lysis buffer (Picagene WAKO) (25 nl) and thorough mixing, centri- 

30 fuged at 15,000 rpm for 2 min. To the supernatant (5 \i\ each) was added the substrate (IATRON) (50 jJ), and the mix- 
ture was dispensed into each well of a 96-well plate. Fluorescent intensity was measured with a luminometer (Luminous 
CT-9000D, DIA-IATRON), and the enzyme activity was expressed as counts per second (CPS). As a result, an 
extremely high luciferase activity was detected with CV-1 cells at 24-h postinfection (Table 6). In these experiments, 
Sendai virus which did not carry the luciferase gene was used as control (represented by "SeV" in the table). Results 

35 obtained from two clones are shown in the table. 



Table 6 



Fluorescence intensity (counts/10 sec) 




Chorio-allantoic mem- 
brane 


CV-1 (24h postinfection) 


Luc/SeV 


669187 






2891560 


8707815 


SeV 


69 


48 




23 


49 



so Industrial applicability 

By the present invention, a system for efficient reconst'rtution of viral particles from Sendai viral cDNAs has been 
established, enabling the gene manipulation of Sendai virus to produce the recombinant Sendai virus comprising a 
genome with a desired foreign gene inserted or a desired gene deleted or inactivated, but retaining the disseminative 
55 capability. 
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Sequence Listing 
SEQUENCE IDENTIFICATION NUMBER: 1 
LENGTH: 38 base pairs 
TYPE: nucleic acid 
STRANDEDNESS : single 
TOPOLOGY: linear 

MOLECULE TYPE : other nucleic acid (synthetic DNA) 
SEQUENCE 

TGCGGCCGCC GTACGGTGGC AATGAGTGAA GGAGAAGT 

SEQUENCE IDENTIFICATION NUMBER: 2 
LENGTH: 69 base pairs 
TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULE TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE 

TTGCGGCCGC GATGAACTTT CACCCTAAGT TTTTVTTACT ACGGCGTACG 
TCATCTTTTT TCTCTCTGC 

SEQUENCE IDENTIFICATION NUMBER: 3 

LENGTH: 30 

TYPE: nucleic acid 

STRANDEDNESS: single 

TOPOLOGY: linear 

MOLECULE TYPE: other nucleic acid (synthetic DNA) 
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SEQUENCE 

AAGCGGCCGC CAAAGTTCAC GATGGAAGAC 30 

SEQUENCE IDENTIFICATION NUMBER: 4 

LENGTH: 69 

TYPE: nucleic acid 

STRANDEDNESS: single 

TOPOLOGY: linear 

MOLECULE TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE 

TGCGGCCGCC ATGAACTTTC ACCCTAAGTT TTTCTTACTA CGGATTATTA 60 
CAATTTGGAC TTTCCGCCC 69 

Claims 

1 . A recombinant Sendai virus containing a genome having a desired foreign gene inserted, or a desired gene deleted 
or inactivated, but retaining the disseminata capability. 

2. The recombinant Sendai virus of Claim 1 in which one or more than one gene encoding functional proteins are 
altered. 

3. The recombinant Sendai virus of Claims 1 or 2 comprising a foreign gene capable of being expressed in hosts. 

4. An RNA molecule comprising RNA contained in the recombinant Sendai virus of any one of Claims 1-3. 

5. An RNA molecule comprising cRNAs of RNAs contained in the recombinant Sendai virus of any one of Claims 1 -3. 

6. A kit comprising 

a. a DNA molecule containing a template cDNA capable of transcribing RNA of Claims 4 or 5, and 

b. a unit capable of transcribing said RNA of Claims 4 or 5 with said DNA as template in vitro or intracellular^. 

7. A kit comprising 

a. a host expressing the NP, P/C and L proteins of Sendai virus (each protein may be replaced with a protein 
of an equivalent activity), and 

b. the RNA molecule of Claims 4 or 5. 

8. A method for producing the recombinant Sendai virus of any one of Claims 1-3, comprising transfecting RNA of 
Claims 4 or 5 to a host expressing the NP, P/C and L proteins of Sendai virus (each protein may be replaced with 
a protein of an equivalent activity). 
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9. A kit consisting of the following three components. 

a. a host expressing the NP, P/C and L proteins of Sendai virus 

b a DNA molecule containing a template cDNA capable of transcribing RNA or cRNA of any one of Claims 4 
c a unit capable of transcribing RNA of Claims 4 or 5 with said DNA as template in vitro or intracellular!/ 

1 °" iZZtSj!* n^? *? recombinant Sendai *™ °' «V one of Claims 1-3, wherein said method comprises 
I I" ™ 16 ° 0nta,nin9 3 ,emplate cDNA 01 ««««« RNA of Claims 4 or" 

^rarL^^tr dna as tenp,a,e /n - • j ~ y s 

12 * *J^°TtL 0r * ori °- a j!f ntoicfluid fining the expressed foreign proteins obtainable by transfecting the 
recombmant Senda, vrus of Clam 3 to a host and recovering said culture medium or chorio-allantotc S± 

13 " l D !itT leCUle ^ eXPreSSi " 9 a Pf0tein encoded * a foreian 9 ene integrated into a Sendai virus vector comoris- 
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Mlul 




NP 



PUC18/T7(- )HVJRz.DNA 
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Fig.3 



0.5fx g 30 43 53 70 C 




43 53 



Postinfectional time 
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